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CEPLIEBO-CYAMHHI 3AXBOPIOBAHHA TA CTAH CUCTOJIIYHOI
@®YHKIIII JIIBOT'O IIILTYHOYKA B YYACHUKIB JIKBIJIALIII
HACJIIIKIB YOPHOBUJIbCBHKOI ABAPII

(BA JAHUMMU 30-PI9HOT'O CITOCTEPEXKEHHS)

MeTta focnigKeHHs nonsrana y BUBYEHHT B y4acHUKIB NnikBigauii Hacnigkis aBapii (YIHA) Ha YopHOOUAbCbKil aToM-
Hill enekTpocTaHuii (YAEC) gMHamiku po3BUTKY 3aXBOpPIOBaHb CUCTEMU KpoBOObGiry 3a 30-piyHuit nepiog nicns on-
POMiHeHHs, 3MiHM CTaHy cucTonivHoi yHKUiT niBoro wnyHouka (JIL) cepus Ta 0co6aMBOCTI HOro peMoAentoBaHHS.
Marepianu Ta metogmu. 06cTexxeHo 144 YITHA Ha YAEC, Bkntoyatoum 52 xBopux, siki NepeHecsn roctpy NpoMeHeBy
xBopo6y (IMX) 1-3 cT. TaxKocTi, Ta 105 ocib koHTponbHOi rpynu (K. YIHA 6ynu po3nogineHi Ha agi nigrpynu: 6e3
o3Hak [MX (FMX0) Ta Ti, wo nepeHecaun IMX 1-3 ctyneHs taxkocti (IMX). Bci o6cTexeHi 6ynu yonosikamu, ki 4o no-
yaTky aBapii Ha YAEC He Manu 03HaK CepLeBO-CyAMHHOI, HepBOBOI, NereHeBoi abo eHAOKPUHHOT natonorii. Ix ce-
pefiHiil Bik Ha movaTok aBapii 6ye 33,9-37,7 pokiB. B nporpamy gocnigeHHs BXOAUAN KNiHiYHe 0OCTEKEHHS, exo-
Kapgiorpadis, peTpOCNeKTUBHUI Ta CTAaTUCTUYHWUI aHani3.
Pe3ynbratu. B Y/IHA, Bkntoyaloun pekoHsanecueHTi [TIX, rineptoHiyHa xsopob6a (I'X) po3BuHynacb Ha 12 pokis, a
iwemiyHa xBopoba cepus (IXC) Ha 9-11 pokiB BiporifHO paHile, HiX ceped NOPiBHAHHKUX 33 BiKOM HEOMPOMiHEHMX
nauieHTie. B micnsaeapiiiHomy nepioai BigMmivanocs 36inbleHHA cepeHix MOKAa3HMKIB TOBWMHM 3aaHbOT cTiHkK JILU
(3CNLW), mixwnyHoukoBoi nepeturku (MLLM), macu miokappa Ta iHAEKCY Macu Miokappaa, sKi 3pocTanu 3i 36inbleH-
HAM TPMBANOCTI 3axBoploBaHHA Ha IX. 3a 30-piuHiit nepiog cnoctepexeHHs cepen YJIHA i oci6 KI' BusisneHo Big 14,3
B0 28,6 % nauieHTiB 3i 36inbweHHAM 06'emis JILL, B skmux Gyna 3HmxeHa dpakuis Bukuay (PB), wo cigumno npo pos-
BUTOK cucToNiYHOT gucdyHkuii JILL 3 auwamu nisownyHoukoBoi cepueBoi HegoctatHocTi (CH). 3HMxeHHs ®B 3 6inb-
WO CTATUCTUYHOK CUNOKO KOpenioBano 3i 36inblweHHAM KiHueBo-cuctoniyHoro 06’emy (KCO).Cepen YTHA i oci6 KI
Bif 77,3 10 84,8 % xBopuXx Manu kniHiyHi o3Haku CH npu 36epexeroi ®B. 3 uboro yucna B 56-63,6 % naLieHTiB cnoc-
Tepiranacs KOHLEHTPUYHa, a B 18,8-26,7 % — ekcueHTpuyHa rineptpodis JIW ([W), B 6,1-15,6 % xBopux 6yna Hop-
ManbHa reomeTpis JIL abo i0oro KOHUEHTPUYHE PEMOAENIOBAHHS.
BucHoBku. YJTHA Ta HeonpomiHeHi 0co6u BiporigHo po3pi3HANMCs MiX co60t0 32 YacOM BUHUKHeHHs B HUX X Ta IXC,
AKi paHiwe po3suBanucs B Y/IHA, Bkntoyatoun pekonsanecueHTiB MX. 3MiHKM CTPYKTYPHO-(DYHKLIOHANBHOTO CTaHY
miokapga JIL B npoueci TpUBanoro cCnocTepexxeHHs He Manu BiporigHux BigMiHHocTen Mix YJTHA Ta HeonpoMmiHeHu-
MK ocobamu i nonsranu B notosuwerHi 3C/IW i MLUM, wo o6ymosntoBano po3ssutok ML, B YJIHA ta oci6 KI' gomiHy-
Bana koHueHTpuyHa [J1W. CuctoniyHa gucdyHkuii JIW 3i 3HmxeHHam OB Ta 36inbwenHamM KCO B kniHiYyHOMY nnaHi xa-
pakTepu3ysanach nisoiwnyHoukosot CH. Cepep YJIHA i oci6 KI 3 kniHiynumu o3Hakamu CH 3i 36epexeHoi ®B, 6inbL
MONOBMHM NALEHTIB MaNM 03HAKM KOHLEHTPUYHOT rinepTpodii.
KniouoBi cnoBa: yyacHuku nikBigauii Hacnigkie aBapii Ha YopHobunbebkiit AEC, ioHi3ytoue BUNPOMiHIOBaHHS, rinep-
TOHiYHa XBOPO0a, iWeMiyHa XxBOpoba cepus, cucToniuyHa AUchyHKLis NiBOro WAYHOUKa, rinepTpodis miokapay.
Mpobnemu padiayitinoi meduyuru ma padiobionozii. 2017. Bun. 22. C. 292-305.
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Cardiovascular diseases and systolic function of left ventricle in clean-up
workers of Chornobyl accident (based on 30 years follow-up)

Objective. To study the dynamics of circulatory system diseases during the 30-year period after irradiation, changes
in the status of systolic function of heart left ventricle (LV) and the features of its remodeling in clean-up workers
(CW) of the accident at the Chornobyl nuclear power plant (ChNPP).
Material and methods. It was examined 144 CW at ChNPP, including 52 patients, who survived acute radiation sick-
ness (ARS) grade of severity 1-3, and 105 non-irradiated persons (control group — CG). CW have been divided into
two subgroups: without signs of ARS (ARS0) and those who suffered from ARS. CW and CG patients were male who
had no signs of cardiovascular, nervous, pulmonary or endocrine pathology prior to the Chornobyl accident. Their
average age at the beginning of the accident was 33.9-37.7 years. The study program included clinical examina-
tion, echocardiography, retrospective and statistical analysis.
Results. Hypertensive heart disease (HHD) has developed in the CW, including the ARS convalescents, by 12 years,
and ischemic heart disease (CHD) at 9-11 years is believed to be earlier than in comparable non-irradiated patients.
In the post-accident period, there was an increased mean value of LV posterior wall (PW) thickness, interventricular
septum (IVS), myocardium mass and myocardium mass normalized by body surface area. These indices grew with the
increase of HHD duration. Over the 30-year follow-up period, between CW and CG from 14.3 to 28.6 % of patients
with LV increased volumes it was found a decreased ejection fraction (EF), what indicated the development of sys-
tolic LV dysfunction with the phenomena of left ventricular heart failure (HF). Reduction of EF correlated with
increase of end systolic volume (ESV) having the highest statistical strength. In CW and persons of CG there was from
77.3 to 84.8 % of patients had clinical signs of HF with preserved EF. From this number, 56-63.6 % of patients had
concentric and 18.8-26.7 % had eccentric LV hypertrophy (LVH), and in 6.1 to 15.6% of patients, normal LV geom-
etry or its concentric remodeling was observed.
Conclusions. The CW and non-irradiated persons differed significantly by the onset of HHD and CHD, which previ-
ously developed in the CW, including the ARS survivors. Changes in the structural and functional state of myocardi-
um during long-term follow-up did not have any probable differences between CW and non-irradiated persons and
consisted of BW and IVS thickening, which predetermined the development of LVH. In CW and CG concentric LVH was
dominant. The LV systolic dysfunction with decreased EF and increased ESV was characterized by clinical symptoms
of left ventricular HF. More than half of patients with clinical symptoms of HF and preserved EF had signs of concen-
tric hypertrophy.
Key words: clean-up workers of the accident at the Chornobyl nuclear power plant, ionizing radiation, hypertensive
heart disease, coronary heart disease, left ventricular systolic dysfunction, myocardial hypertrophy.
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BCTYII INTRODUCTION

BuBuenHst crtany 3mopoB'ss ywyacHuKiB JikBigamii  The study of health status in clean-up workers (CW)
HachinkiB aBapii (YJIITA) Ha YopHOoOUIBCHKilt aToMHiiT  of the accident at the Chornobyl Nuclear Power
enektpocraniii (YAEC) moka3aino, 1o mpotsroM Bcko-  Plant (ChNPP) showed that during the entire post-
ro miclisiaBapiiiHOTo Tiepioly B HUX cCIlocTepirajocsas-  accident period there was an increase of circulatory
pOCTaHHSI 3aXBOPIOBaHb CUCTEMU KpoBoobiry [1, 2, 3], B system diseases [1, 2, 3], in which structure hyper-
CTPYKTYPpi IKMX TOMiHyBasIM rineptoHiuHa xpopobda (I'X)  tensive heart disease (HHD) and ischemic heart dis-
ta imemiuna xBopoba cepus (IXC) [2]. AptepianbHa ease (CHD) was dominant [2]. Arterial hyperten-
TirepTeH3id Ta illleMist CeplIeBOro M's3a BUKJIMKaIOTh pe-  sion and ischemic alteration in myocardium cause
MoJemoBaHHs JiBoro ntyHouka (JII) cepiist 3i 3miHoo  remodeling of heart left ventricle (LV) with changes
reoMeTpii 1oro MOPOXHUH 1 po3BUTKOM rineprpodii  of its cavities geometry and development of myocar-
MioKkapma, gKa, IpOTpecyiouM, MpU3BoAuTL no cuc-  dial hypertrophy, which progressing leads to systolic
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toniuHoi aucdyHkiii JIL i xpoHiuyHOI ceplieBoi Hemoc-
tarHocTi (CH). T'ineprpodis aiBoro nutyHouka (IJILIT)
BBaXXAETHCSI CAMOCTIMHMM (aKTOPOM PU3UKY HU3KH
Cepito3HUX KapHiOBaCKYJSIPHUXITOMIN, TaKUX K Y-
HOYKOBi apuTMii, iHpapKT MioKap/a, 3acTiliHa ceplieBa
HEJA0CTaTHICTh, panToBa cepleBa cMepTh [4]. OcKiabKu
pamialiiiHMil BIUIMB TaKOX acollil0BaB 3 PU3UKOM PO3-
BUTKY TaTOJIOTii CUCTeMHU KpOoB0ooOiry [1], BUBYEHHS Xa-
pakTepy CTpyKTypHUX 3MiH Miokappaa JILII ta fioro cuc-
ToJiiuHO1 pyHKIT B YIIHA € akTyaJbHUM 3aBIaHHSIM.

META
BuBuenus B YIHA na YAEC aguHaMiky po3BUTKY 3aX-
BOpIOBaHb CUCTeMU KpoBoobiry 3a 30 piuHiii mepion
micjass OINpPOMiHEHHSI, 3MiHM CTaHy CMUCTOJIYHOI
¢yuxkuii JILI cepust Ta 0COOIUBOCTI 1Oro peMoaeo-
BaHHSI.

MATEPIAJIN I METOJIN

Oo6ctexeHo 144 YJIIHA na YAEC, Bkitoyarouyu 52 XBO-
puX, SIKi IEpeHecIn rocTpy IpoMeHeBy xBopoOy (I'TIX)
1—3 ct. TakKocTi, Ta 105 0cid koHTpoabHOI rpynu (KT).
VJIHA Oynu po3noaijsieHi Ha OBI migrpynu: 6e3 o3Hak
I'TIX (I'TTX0) Ta Ti, mo nepeHecau I'TIX 1—3 crynens
TsikkocTi (I'TIX). Bei o6cTexkeHi Oynu yoaoBiKaMu, sIKi
1o noyatky aBapii Ha HAEC He Maiu 03HaK CeplieBO-Cy-
JMHHOI, HEPBOBOI, JlereHeBoi a00 €HAOKPMHHOI I1aTOo-
Jiorii.

ITounHarouu 3 1988 poky, exomoriepkapaiorpagiuHe
IOCIIIKeHHST BMKOHYBaJli Ha HACTYIHUX araparax:
AlokaSSD 630, AlokaSSD 720, Medison SonoAce 8000
Live (Kopes) Ta Diagnostic Ultrasound System DC-N3
Mindray. BukopucTOBYBaJIM JaTYMKM 3 4YacTOTOO 3,5
MIii. Ockinbku B nepii 10—15 pokiB miciis aBapii exo-
KapaiorpadiuHi nmapaMeTpu peecTpyBaii B M pexumi,
TO MOro oOOB'SI3KOBUM MOPSIKOM BUKOPUCTOBYBAIM i
HaJaJTi JUISt MOPiBHSHHOCTI PE3Y/IbTaTiB JOCTiIKEHHS.

BumiproBanu: kiHueBuii miactomiynuit (KIP, Mm) i
kiHnesuii cuctoaiuauii (KCP, mm) po3mipu JILL, ToBmHy
MIXIITYHOUKOBOI TiepeTUHKM B miactony (MILTI, mwm),
TOBIIMHY 3anHboi cTiHku JII B miactony (3CJILI, Mwm).
BuszHavanu kiHueBuit giacroniynuit (KO, mi) i cuc-
tomiunmit (KCO, M), o6'emn JILI cepiist, ¢ppaxitito BUKH-
ny (DB, %). B ouinii cucrosiynoi (pynHkiii JILL i Hopmaib-
HUX MEX ITOKa3HUKIB KePyBaJIMCs CyJaCHUMU €XOKapIior-
padiunumu cranpaptamu [S]. KO (a6o KCO) obumciio-
Bayu 3a (popmyioro Teiixombug [6]: KOO (M) =[7 /(2,4 +
KIP (cm))] x KIOP?. ®B BusHayanu $K BiZHOLIEHHS
(KJO - KCO) x 100 / KO (%). Macy miokapma JILI
(MMUJII, r) paxyBanu 3a (popmysoro kyoiB: 0,8 x [1,04 x
(3CJI g + MIIIT + KOP)* - KIP?] + 0,6, me yci Bumipn

LV dysfunction and chronic heart failure (HF). Left
ventricular hypertrophy (LVH) is considered to be
an independent risk factor for a number of serious
cardiovascular events, such as ventricular arrhyth-
mias, myocardial infarction, congestive heart fail-
ure, sudden cardiac death [4]. Since radiation expo-
sure is also associated with the risk of developing cir-
culatory system pathology [1], the study of
myocardium structural changes and LV systolic
function in CW is of current importance task.

OBJECTIVE

To study the dynamics of circulatory system dis-
eases during the 30-year period after irradiation,
changes in the status of systolic function of heart
left ventricle (LV) and the features of its remodel-
ing in CW of the ChNPP accident .

MATERIALS AND METHODS

It was examined 144 CW at ChNPP, including 52
patients, who survived acute radiation sickness
(ARS) grade of severity 1—3, and 105 non-irradi-
ated persons (control group — CG). CW have been
divided into two subgroups: without signs of ARS
(ARSO0) and those who suffered from ARS. CW
and CG patients were male who had no signs of
cardiovascular, nervous, pulmonary or endocrine
pathology prior to the Chornobyl accident.

Since 1988, echocardiography has been performed
on the following devices: Aloka SSD 630, Aloka
SSD 720, Medison SonoAce 8000 Live (Korea) and
Diagnostic Ultrasound System DC-N3 Mindray.
Probes with a frequency of 3.5 MHz were used.
Since in the first 10—15 years after the accident, the
echocardiographic parameters were recorded in the
M-mode, then its obligatory procedure was used for
comparability of the results of the study.

The diastolic (DD, mm) and systolic diameters
(SD, mm) of LV, the thickness of interventricular
septum during diastole (IVS, mm) and posterior
wall (PW, mm) during diastole were measured.
Some indices as end-diastolic volume (EDV, mL),
end systolic volume (ESV, mL) and ejection frac-
tion (EF, %) were calculated. In assessing LV sys-
tolic function the normal limits for echocardiogra-
phy were used [5]. EDV (or ESV) was calculated by
Teichgolz formula [6]: EDV (mL) = [7 / (2.4 +
DD (cm))] x DD?. EF was computed as (EDV -
ESV)x100 / EDV. LV myocardial mass (LVM) was
calculated by cubes formula: 0.8 x [1.04 x (BWT +
ST + DD)® - DD’] + 0.6, where BWT — back wall

(1) 294
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TMOKa3HMKIB HaBeleHi B caHTuMeTpax. [Hmekcn MMIIIIT
(IMM, /M%), K1O (IKJO, mi/m?) Ta KCO (IKCO, Mi/m?)
BU3HAYAJIM SIK BiTHOLIEHHSI MOKA3HMKA JI0 IUIOLLII ITOBEPXHi
tiy1a. OCTaHHIO O0YMCITIOBAIU 3a (POPMYJIONO: v [3picT (cm)
x Maca Tina (kr) / 3600]. BimHocHy ToBLIMHY cTiHku JILLI
(BTC, on.) pospaxoByBanu sik 2 x 3CJILL (cm) / KIP (cwm).

CratnctnaHa oO6poOKa MpoBOAMIACE 32 JOITOMOTOIO
KoMmIT'toTepHoi mporpamu SPSS22.

PE3VYJIBTATU TA IX OBTOBOPEHHS
¥V Bcix YJIHA Tta nauientiB KI' BUBUanu nuHamMmiky po3-
BUTKY CepLEeBO-CYIMHHUX 3aXBOPIOBaHb, ITIOYMHAIOUYHY 3
1986 p. HaiinmoimmpeHiMmMu 3aXBOPIOBAHHIMM CUCTE-
MU KpoBoobiry BugBuiuch I'X ta IXC. Ho kiHug 30-
piYHOrO Mepioay CIOCTEepeKEeHHS 1X YacToTa 110 Ipynax
KonmBanacs Bim 73,1 mo 90,2 %. JluHamika pO3BUTKY
I'X ta IXC 3a 10-piuHi niepionu micyist aBapii, sska HaBe-
JeHa y puc. 1, Majia cBOI XapakTepHi pucHu. 3a mepiof
1986—1996 pp. I'X po3BuHyacs 6iblll, HiX B IIOJIOBU-
Hu YJIHA (I'TIXO0 i I'TIX), B HacTymHi ABa AeCATUPIiUUS
micJisl aBapii YMCI0 HOBUX BUITAAKIB 3aXBOPIOBAHHS Ha
I'X mocrynoso 3meHinyBanocs. Iag KI' gaty aBapii Ha
YAEC BUKOPHUCTOBYBAJIN SIK MMOYATKOBY TOUKY BiJJTiKY
Ha mkaji yacy. Aunamika po3Butky I'X ocio KI' 6yna
MPsSIMO TIPOTUJIEXKHOIO: Y TIeplili 1ecsATh poKiB Ha I'X 3a-
Heayxano B 3—4 pa3u MeHIle Mali€HTiB, HixXK B rpymi
VIIHA, y HacTyIIHi poKM 1X YMCJIO HApOCTaJo i, 3a Oc-
TaHHE JgecATUpiuds yacTka 3axBopinux y KI' oyna B 10
pasiB BUlLE.

IIpakTuuHo 3a Takoio cxemolo B KI' BinOyBaBcs po3-
Butok IXC, ane 3a octanHi 10 pokiB, y MOpiBHSIHHI i3
I'X, yacTka 3axBopiiux Oyja Oinbii, HixX B 1,5 pa3u

thickness (cm) and ST — interventricular septum
thickness (cm). LVM, EDV and ESV normalized
by body surface area (BSA, m?) were determined
too. BSA was calculated as V [height (cm) x weight
(kg) / 3600]. Relative wall thickness (RWT) of LV
was computed as 2 x BWT (cm) / DD (cm).

Statistical processing was carried out using the
SPSS 22 computer program.

RESULTS AND DISCUSSION
In all CW and CG patients the dynamics of cardiovas-
cular disease development was studied, starting since
1986. The most common diseases of circulatory sys-
tem were HHD and CHD. By the end of 30-year fol-
low-up period, their frequency in groups ranged from
73.110 90.2 %. Dynamics of HHD and CHD devel-
opment for every 10 years periods after the accident,
which is shown on Fig. 1, had its own characteristic
features. Over the period 1986—1996, HHD has
developed more than in half CW (ARS0 and ARS), in
the next two decades after the accident, the number of
new HHD cases has gradually decreased. For CG,
the date of the Chornobyl accident was used as a start-
ing point on the time scale. The dynamics of HHD
development in CG patients was directly opposite: in
the first ten years, HHD was diagnosed in 3—4 times
less patients than in CW group, in the following years
their number increased and in the last decade the pro-
portion of CG patients was 10 times higher.

In fact, under such scheme, CHD developed in
CG, but over the last 10 years, the proportion of
patients was more than 1.5 times higher in compari-
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PucyHoK 1. lunamika po3sutky X (A) Ta IXC (B) Ha eTanax cnoctepexeHHs B YJIHA ta KI' (cratuctuyna no-

XUOKa pU3HULi NOKA3HUKIB:

Mixx FTIX0 Ta KI *** — 0,001; mix [MX ta Kl # — 0,05; ## — 0,01; ### — 0,001; mix MX0 Ta IMX t - <0,05).

Figure 1. Dynamics of HHD (A) and CHD (B) onset in CW and control group during years passed after

Chernobyl accident (statistical error for indices difference between:
ARSO and control *** — 0,001; ARS and control # — 0,05; ## — 0,01; ### — 0,001; ARS and ARS T - <0.05).
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puuie. Cepen YJIHA Ha IXCy nepiii 10 pokiB 3aHeny-
Kajio BiporimHo Oinbiiue nmauieHTiB 3 miarpynu I'TIXO0,
Hixx pexkoHBajnecueHtiB I'IIX. Ha apyromy erami
30epirajacg Ta X 3aKOHOMIipHICTb, ajie Ha TPETbOMY
eTalli crnocTepexXeHHs Bxke JacTtka oci6 i3 I'TIX Oyia
puiie. OgHak, HakonuyeHa uyactoTa IXC cepen pe-
KoHBanecueHTiB I'TIX Oyna HuX4Ye, HiX y miarpyii
I'TIX0 ra KI.

IMinrpyma I'TIX0 nmpaktrudyHO He BiApizHsutach Big KIT
aHi 3a BIKOBUM aCIIEKTOM, aHi 3a KJiHiYHMMU MOKa3HU-
Kamu (Tabi. 1), a came: 3a BiTHOCHMUM YKCJIOM TTalliEHTIB
3 I'X ta IXC, BKIIOUaouM MocTiHapKTHUM KapaiocK-
Jepo3, yactoty CH, mopylleHHs CcepLeBOro putrMmy i
MPOBITHOCTI, HASIBHICTh CYMYTHBOTO LIYKPOBOTO Aia0beTy
(II1). ¥V KT gacrilre aiarHOCTYBaJIM CTEHOKAPIilO Ipy-
roro ¢yHkUioHasbHOoro kiacy (®K), Tomi sK cepen
I'TIX0 — tpetboro PK. Y ocraHHIX BipOrigHO BUIlE Oy-
JIO YKCJIO Talli€HTIB, SIKi IEPEHECIUTOCTPE ITOPYILICHHS
MO3KOBOI'0 KPOBOOOITY.

IMigrpyna oci6, gxi nepenecau I'TIX, Ha MoOMeHT
apapii Oyna BiporizHo Mosonuie mnauieHTiB i3 T'TIX0 i
rpynu KoHTposaw. Cepead HHUX BiporigiHo pialie
syctpivamacg I'X ta IXC 3i cTeHOKapmi€io, a TakoxX
iH(hapkTOM MioKapAay B aHaMHe3i. 3a KJiHiYHIM Iie-
pebirom IXC BoHUM Oyau OJarOIOJIYYHIIE iHIINAX
VYJIHA Ta oci6 KI' y 3B'I3Ky 3 BiICYTHICTIO XBOpHUX 3
Baxkkoo CH, MeHIIOI 4YacTOTOI IOpPYIIEHb PUTMY,
AB- 610Kan i 6okan Hixkok myuka [uca. Kpim Toro, ce-
pen pekonBasnecueHTiB I'TIX Oyno 4 monuuu (7,7 %), y
SIKMX 32 BeCh IIEPiof] CITOCTePEKEeHHS TaK i HE PO3BUHY-
mmcg I'X ta IXC. Cepen oci6 i3 I'TIX0 ix 0yno Tpoe
(3,3%).

ITosicHeHHs moAiOHOro (hakTy MOaArajso B TOMY, 11O
niarpyna ocio, gki nepenecau I'TIX, 3Haxoauyiach mif
OibII OMJABHUM MEIWYHUM KOHTpOJeM, HiX iHIIi
VIIHA. BoHu yacrTille mpoxoauian cTalioHapHe o0cTe-
XKeHHS (y cepeHboMy 2—3 pasu 3a pikK), 110 JO03BOJISIO
BUSIBJISITU CEPLIEBO-CYOWHHI 3aXBOPIOBAaHHSI Ha paHHIX
CTafisIX PO3BUTKY i1 MpU3HAYATH aJeKBaTHE MEAMKAMEH-
TO3HE JIIKyBaHHsI, CIIPSIMOBaHe Ha IMEPBUHHY i BTOPUHHY
npodinaktuky I'X ta IXC. YJIHA 6e3 I'TIX y 3B's13Ky 3
iXHbOIO uMcebHicTIO (0inbin 400 THC., SKi MelIKaau B
KpaiHi) o0CTexXyBaanCs B CTallioHapi pigme — 1—2 pa3n
B ITSITh POKiB, 110 3HMXYBaJIO €(heKTUBHICTh Mpodiak-
TUYHMX 3aXO/iB MOPiBHAHO i3 miarpynoro I'TIX.

B oci6 3 I'TIX0 nmorimHyTa g03a 30BHILLIHBOTO OIl-
pOMiHEeHHS OyJa BCTAaHOBJIeHAa METOJIOM (Di3MYHOT 1031~
MeTpii, 3 MiATBEpIKEHHIM BiANIOBIZHOIO JOBiIKOIO a00
00JIIKOBOIO KapTKOIO /103 Y BiliCbKOBOMY KBUTKY. B pe-
KoHBanecueHTiB I'TIX mo3a onpomMiHeHHs OyJjla BU3HA-
YeHa 3a XPOMOCOMHUMHM abepallissMuB JTiM(pOIINTaX TIe-

son with HHD. In the first 10 years the number of
patients from ARSO subgroup, who developed CHD,
was significantly higher, than in ARS subgroup. At
the second stage, the same pattern remained, but in
the third follow-up stage, the proportion of people in
ARS subgroup was higher. However, the accumulat-
ed frequency of CHD among ARS survivors was
lower than in ARSO subgroup and CG.

The ARSO subgroup virtually did not differ from the
CG either in terms of age or clinical parameters
(Table 1), namely: by the relative number of patients
with HHD and CHD, including post infarction car-
diosclerosis, HF frequency, cardiac thythm and con-
duction impairment, and concomitant diabetes mel-
litus (DM). In CG the angina of 2™ functional class
(FC) was diagnosed more often, while in ARS0 sub-
group angina of 3* FC was dominated. In the last sub-
group the number of patients affected by acute im-
pairment of cerebrovascular circulation, was higher.

The patients from ARS subgroup at the time of the
accident was probably younger than patients with
ARSO and CG. Among them HHD and CHD with
angina pectoris and history of myocardial infarction
were more likely to occur. By the clinical course of
CHD, ARS subgroup was safer than other CW and
CG patients due to the lack of patients with severe
HE less frequency of arrhythmia, AV blockade and
blockade of the His’ bundle legs. In addition, among
the ARS survivors it was 4 persons (7.7 %), who did
not developed HHD and CHD during the entire peri-
od of observation. Among ARSO it was 3 men (3.3 %)
without cardiovascular diseases.

The explanation for a fact, why ARS subgroup
demonstrated more safe clinical course, lies in more
frequent medical control than other CW. They had
more often hospital examination (on average 2—3
times a year), which allowed to diagnose cardiovas-
cular diseases on the early stages of development and
to provide adequate medical treatment aimed at pri-
mary and secondary prevention of HHD and CHD.
CW without ARS in anamnesis due to their number
(more than 400 thousand, who lived in the Ukraine)
were examined in a hospital less often — 1—2 times
per five years, which reduced the effectiveness of pre-
ventive measures compared with the ARS subgroup.

In persons from ARSO0 subgroup absorbed dose of
external irradiation was established by the method
of physical dosimetry, with the dose confirmation
by relevant certificate or registration card of doses
in the military ticket. In ARS survivors the dose of
irradiation was determined by chromosomal aber-
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pudepudHOi KpoBi (3a 4MCIOM IMLEHTpUKiB Ha 100
KJIiTHH) [7].

AHaniz guHaMiKyd pO3BUTKY 3aXBOPIOBaHb CUCTEMU
KpoBoobiry3a metonoM KarmaHa-Meliepa mokasas,
1110 CyMapHa YyacTKa Malli€eHTiB, SIKi 1lle He3aXBOpiJiu Ha
I'X ta IXC, y mpoueci cTapiHHS LIBUALLIE 3MEHIIyBaia-
cs1 B YJIHA nopiBHsiHO 3 KI, mpakTU4YHO He pO3pi3HSI-
nacek y migrpynax I'TIX0 i I'TIX (puc. 2), TooTo YIHA
o6ox miarpyn 3aHeayxyBanu Ha I'X ta IXC y 6ifabin Mo-
JlogoMy Billi, Hixk ocodou KI. s pizHuus ckinagana 12
poxiB ot I'’X i 9—10,3 pokiB mst IXC 3a mokazHUKaM#
cepeanboiTa 11,7—12,21i 10—11 pokiB 3a MeaiaHOIO BU-
KMBaHHS BimmosimHo (ta6s. 2). B migrpymi I'TIX0 I'X
BUHMKana Ha 5,8 pokiB paHime IXC; B niarpyni I'TIX
s pi3HUIL ckiagana 7 pokiB, a B KI' — 4 pokwu 3a 110-
Ka3HUKaMM CepelHbOi BUKMBAHHS. 3a MeliaHOIO BHU-
XKMBaHHA i tmdpu oymm 7,3, 7,8 i 6,1 poky Bin-
MOBiAHO.

ITapanenbHO 3 BUBUEHHSIM IMHAMIKU PO3BUTKY Ceplie-
BO-CYAMHHOI 3aXBOPIOBAHOCTI Ha TOCIIITAJIbHOMY DiBHi
OyB 3MiliICHEHUIT PETPOCIIEKTUBHUN aHalli3 3MiH CTPYK-

rations in peripheral blood lymphocytes (by the
number of dicentricts per 100 cells) [7].

The analysis of dynamics of circulatory system dis-
eases by the Kaplan-Meyer method showed that the
total proportion of patients who were not yet ill with
HHD and CHD, in the process of aging decreased
more rapidly in CW compared with the CG, practi-
cally did not differ in the subgroups ARSO and ARS
(Fig. 2), that is, CW of both subgroups was taken ill
with HHD and CHD at a younger age than CG
patients. This difference was 12 years for HHD and
9—10.3 years for CHD by the mean and 11.7—12.2
years and 10-11 years by the median survival respec-
tively (Table 2). In ARSO subgroup HHD arose 5.8
years before the CHD; in ARS subgroup this differ-
ence was 7 years, and in CG — 4 years by average
survival rates. By median survival, these values were
7.3, 7.8 and 6.1 years respectively.

Simultaneously with the study of cardiovascular
morbidity dynamics at the hospital level a retro-
spective analysis for myocardium structural and

Ta6naumusa 1
Kniniuna xapakrepuctuka o6crexxeHux nauienris, M+SD Ta a6c. (%).
Table 1
Clinical characteristics of examined patients.
YJIHA / CW Kowrpone g 3
Moka3snmky (Indices) Bes IMX / without ARS ITIX / ARS survivors  Control g s 33 £ 3
n=092 n=52 n=105 E£ EZ EZ
Q0O QQ aQ
CepepHiit Bik Ha MOMEHT aBapii, pokv 37,7+10,1 339+94 37,7+9,0 <005 >0,05 <0,05
Mean age at the moment accident, years
CepeqHiit Bik HA MOMEHT OCTAaHHBOIO 0OCTEXEHHSI, POKM 63,2+ 10,8 61,4 11,3 65,9 9,0 >0,06 >0,06 <0,05
Mean age at a moment of the last examination, years
[MornnHyTa [03a ONPOMiHEHHS, Cl'p 2827 (n=31) 222 £ 157 (n = 44) <0,001
Absorbed dose of irradiation, cGy
X/ HHD 83(90,2) 40 (76,9) 88 (83,8) <0,05 >0,06 >0,05
IXC / CHD 78 (84,8) 38 (73,1) 91 (86,7) >0,05 >0,06 >0,05
X 3 IXC / HHD with CHD 72 (78,3) 30 (57,7) 75(71,4) <0,05 >0,05 >0,05
IXC, creHokapaisi ctabinbHa / CHD, stable angina pectoris 48 (52,2) 12 (23,1) 49 (46,7) <0,001 >0,06 <0,01
®K/FC | 3(6,3) 1(8,3) 1(2,0) >0,05 >0,06 >0,05
I 30 (62,5) 8 (66,7) 39 (79,6) >0,05 <0,01 >0,05
I 15 (31,3) 3(25,0) 9(18,4) >0,06 <0,056 >0,05
Kapmiocknepos noctindapkTHuii / post-infarction cardiosclerosis 20 (21,7) 1(1,9) 18 (17,1)  <0,001 > 0,05 < 0,001
Cepuesa HepocTaTHicTb / heart failure I 47 (51,1) 25 (48,1) 57 (54,3) >0,056 >0,06 >0,05
2A/2A 16 (17,4) 8 (15,4) 14 (13,3) >0,056 >0,06 >0,05
26 /2B 3(8,3) - 4(3,8) - >0,05
lMopywenHs putmy cepus / arrhythmias 61 (66,3) 24 (46,2) 66 (62,9) <0,06 >0,06 <0,05
Brnokagu Hixok nyyka lica / blockage of His bundles branches 25 (27,2) 10 (19,2) 23 (21,9) >0,056 >0,06 >0,05
> B TOMy 4ncni nosHi / including complete blockage 12 (13,0) 1(1,9) 6(5,7) <0,01 >0,05 <0,05
AB-6nokagu / AB-blockage 12 (13,0) 3(5,8) 14 (13,3) >0,05 >0,06 >0,05
CynytHiii L, / concurrent DM 21 (22,8) 10 (19,2) 24 (22,9) >0,06 >0,06 >0,05
l'ocTpe nopyLueHHst MO3KOBOTOKPOBOOGIry B aHAMHES 9(9,8) 1(1,9) 3(2,9) <0,05 <0,05 >0,05

Acute impairment of cerebral circulation in anamnesis
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Figure 2. Dynamics of cumulative portion of CW (ARSO and ARS) and control group who remained not sick
with HHD (A) and CHD (B) during aging.

Ta6nuuysa 2

CepepHa Ta MefiiaHa (NOKa3HMK + CTaHAAPTHA NOMUNKA) AnA dyHKuiT BuxkuBaHHA B YJIHA Ta nauienTiB KI B 3a-
NIeXHOCTi Bif BiKy.

Table 2

Mean and median (index + standard error) of survival function in CW and control group in dependence of age.

Jlor-paHroBwii Tecr, p

3axBoploBaHHg / diseases Fpyna / group CepepHs / mean MepiaHa / median Log-rank test, p
X (HHD) ITIX0 / ARSO 468+13 445+24 0
X / ARS 46,9 +23 450+39
KI / control 58914 56,7+ 1,8
IXC (CHD) X0 / ARSO 526=1,0 51,817 0
X / ARS 539=14 52,8 0,8
KI / control 62,909 62,8 £ 1,1

TypHO-(YHKIIIOHAJTLHOTO CTaHy MioKapmaa 3a pe3ynbra-  functional state changes was performed based on
TaMU exoKapaiorpadidHOTrO IOCHIIKEeHHsS, ke J03Bo-  the results of echocardiography, which allowed to
JIIIO HaJgaTW XapaKTepUCTUKY CTaHy cucToidiyHoi characterize the status of LV systolic function.
¢ynxuii JIII. EMmipuyauMm 1nuisixom BudHauwiu, o  Empirically, it was determined that evaluation of
OILIIHKY TTOKa3HWKiB cTpykTypu Miokapna JIIII kpame  myocardial structure parameters is better to do
TMPOBOJINTH 3aJIeKHO Bill TpMBaJIOCTi 3axBopioBaHHSA HAa  depending on the duration HHD, but not by 10
I'X, a He 3a 10-piuni nepioau micag aBapii. Jlanumii minxig ~ years periods after the accident. This approach
JIO3BOJISIB YHUKHYTU CKJIAMHOCTI CTaTUCTUYHOro aHa-  avoids the complexity of the statistical analysis asso-
JIi3y, TTOB’sI3aHOI 3 HEIIPOITOPLIiITHMM YMCIIOM MalieHTiB,  ciated with the disproportionate number of patients
00CTeXXeHMX Ha Pi3HUX eTaltax CIIOCTEPesKeHHSI. examined at different stages of observation.

3 tabauui 3 BUAHO, 10 cepenHi 3HadeHHsa KJ/IP i Table 3 shows that the mean values of DD and SD
KCP y xBopux BCiX rpyn 3HaXOAWJIMCSI B MexXax Hop-  in patients of all groups were within the normal
MU, He3alexXxHo Bim TpuBamocTi I'’X, xoua B KoxHiil  range, regardless of HHD duration, although in
TpyIIi OyIM TMalieHTH 3i 3HAaYeHHIMHM IIUX MTOKa3HMWKIB  each group there were patients with values of these
BUIIIE HOPMU; iXHE YMCIIO 3pOCTaJio 3 TpUBAIiCTIO 3aX-  indices above the norm; their number increased with
BoproBaHH4. Y miarpymi I'TIXO0, sxi xBopiau Ha '’ X Bix ~ the duration of the disease. In the ARSO patients,
21 mo 30 pokis, nepesuiieHHss K P peectpyBanocsas B who was ill with HHD from 21 to 30 years, DD
3-0x (9,4 %), a KCP — B 5 0ocib6 (15,6 %); y minrpyni  increased value was recorded in 3 (9.4 %), and SD —
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I'TIX yucno Takux mauieHTiB cknagaio 2 (16,7 %) i 3
ocobu (25 %) BigmosigHo, a B KI' — 1o 2 moauHu
(13,3 %).

IIpu Oynb-saxkiit TpuBanocti I'X cepeaHs TOBIIMHA
3CJIII i MIII 6yna Buie BepxHboi Mexi Hopmu. Ha
MOYaTKOBOMY 4YacoBoMYy Binapi3koBi Big 0 mo 10 pokis
30inmpmenHst ToBmuHu 3CJIII BimMivanocsa B 52 xBo-
pux I'TIX0 (92,8 %), 23 T'TIX (62,2 %) i 35 xBopux KI'
(57,4 %), a MILII B 43 (76,8 %), 21 (56,8 %) i 52
nattieHTiB (85,2 %) BinnmosinHo. Konu TpuBamicTh 3ax-
BopioBaHHs KonmBanacdg Bim 21 no 30 poxkis, 3CJII i
MIIIIT 6ynu moroBieHi B 30 mauienTiB ['T1X0 (93,8 %)
i y Bcix 12 oci6 migrpyrmm I'TIX (100 %). B KI' rtoros-
mwenHs 3CJIII peectpyBanu B 12 mauieHTiB 3 15 (80 %)
i MIIIT — y Bcix mauieHTiB, 6e3 BUHATKY. I1o Bcix rpy-
Max BigMivasacst JOCTOBipHA TeHAEHILIisI 1O 301IbIIeHHS
3HAUeHb IMX TMOKA3HMKIB 3i 3pOCTAaHHSM TPUBAJIOCTI
3axBoploBaHHg Ha I'X. B Toii ke yac He O6y10 BUAMMOIL
3aKOHOMIpPHOCTI MIXIPYIIOBOI Pi3HHUILI Ha KOXHOMY
Bifgpi3ky yacy TpuBanocti I'X, xoua Tect ANOVA i Bu-
SIBJISIB BipOTiTHICTh BiIMIiHHOCTi JESKUX 3HAYe€Hb Ce-
peIHiX.

in 5 people (15.6 %); in ARS subgroup, the number
of such patients was 2 (16.7 %) and 3 subjects (25 %)
respectively, and in CG — in 2 persons (13.3 %).
For any HHD duration the average BWT and ST
was above the upper limit of the norm. In the initial
time interval of HHD duration from 0 to 10 years,
an increased BWT had 52 patients of ARSO sub-
group (92.8 %), 23 of ARS (62.2 %) and 35 patients
of CG (57.4 %), but increased ST had 43 (76,8 %),
21 (56.8 %) and 52 patients (85.2 %) respectively.
When the duration of the disease varied from 21 to
30 years, PW and I'VS were thickened in 30 patients
of ARSO (93.8 %) and in all 12 subjects of ARS
(100%). In CG the BW thickening was recorded in
12 patients from 15 (80 %) and increased ST in
everyone without exception. In all groups, there
was a significant tendency to increase the values of
these indices with an increase HHD duration. At
the same time, there was no apparent pattern of
intergroup difference at each time interval for
HHD duration, although the ANOVA test showed
the likelihood of differences in some mean values.

Ta6nuua 3
3MiHu noka3HuKiB cTpyKTYp Miokapaa B YIIHA 1a KI' B 3anexHocTi Big TpMBanocTi 3axsopioBaHHA Ha X,

Table 3
Changes of myocardial structure indices in CW and the control group depending on HHD duration.

Tpusanicts I'X, poku / HHD duration, years

Moka3Huku Fpynu Big 0 go 10 Big 11 go 20 Bip, 21 no 30 Pn Pem Pu-m

Indices Groups Nmxomrso= 83" p**  Nrxoarso = 79 p**  Nmxoarso= 45  p**

Nrnx/ars = Nrnx/ars = Nrnx/ars =
nKr/ControI = 61 nKr/(:an'(rol = I'IKF/(:ontroI = 1

IMX0/ARSO 51,545 52,6 =53 52,3+44 0,152 0,325 0,744
KOP, mm / DD, mm TIX / ARS 51,5£6,2 0,196 51,842 0,683 52,2 8,2 0,885 0,768 0,678 0,786
Kr / Control 53,0 £ 5,1 52,3+ 3,6 53,1+58 0,362 0,548 0,873
[TIX0 33,438 35,8 5,2 352+42 0,001 0,016 0,521
KCP, mm / SD, mm X / ARS 339+5,6 0,098 344+39 0,208 35,8 £6,0 0,779 0,654 0,222 0,271
Kr 353+3,9 344+39 36,2+7,6 0,780 0,845 0,534
[MX0/ARSO 11,8 +17 12,3+13 12414 0,042 0,031 0,571
Toouwa SCAULL WM “rrx/aRs 11318 0142 10517 0821 134=17 0024 0523 0,000 0,000
’ Kr/Control  11,3%15 11,9+11 119+138 0,002 0,000 0,006
TosuuHa MLUMA. IMX0/ARSO 11,124 124+1,8 13,015 0,000 0,000 0,029
st ”Ijm A MX/ARS  108+22 0,000 11,7+20 0020  142+20 0,029 0,032 0,000 0,000
’ Kr/Control  12,3+1,7 12,714 13,1 1,6 0,810 0,001 0,000
IMX0 /ARSO 0,46 + 0,08 0,47 = 0,07 0,48 + 0,07 0,385 0,209 0,592
BTC, ym.on. / RWT IMX/ARS 0,44 =0,07 0,063 0,45 = 0,07 0,162 0,52 + 0,11 0,062 0,697 0,001 0,002
Kr / Control 0,43 £ 0,08 0,46 + 0,05 0,45 + 0,08 0,005 0,000 0,030
IMX0/ARSO 235+ 61 271 £ 63 283 + 62 0,000 0,000 0,001
MMJILW, r/ LVM, g X / ARS 228 + 76 0,034 243 + 56 0,046 310+ 94 0,332 0,280 0,000 0,001
Kr" / Control 258 + 63 266 + 45 279 + 59 0,689 0,009 0,003
X0 / ARSO 122 + 32 135+ 27 138 £ 28 0,005 0,005 0,630
IMM, r/m2 / iLVM, g/m? ITIX / ARS 121 £ 34 0,178 122+ 25 0,033 153 £ 38 0,201 0,760 0,001 0,001
Kr / Control 130 £ 31 130 + 21 138 + 27 0,994 0,046 0,006

[MpuMmiTkn. * — B CTOBOLISX HABEAEHO YMCNO BUMIPIOBAHb KOXHOTO MOKAa3HWKA; ** — CTATUCTUYHA NOXMOKA PU3HMLL MOKa3HWKIB MiX rpynamu npu AaHoi TpusanocTi X 3
BukopucTaHHsim ANOVA.
Notes. * — in the column there is the number of measurement for every index; ** — the statistical error of intergroup difference under the given HHD duration by ANOVA.
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Ta6nuus 4
3MiHM NOKasHUKIB BHYTpiWwHboCcepueBoi remoauHamiku B Y/IHA Ta KI B 3anexHocTi Big TpuBanocti 3axsopio-
BaHHA Ha IX.

Table 4
Changes of intracardial hemodynamics in CW and the control group depending on HHD duration.

Tpusanictb X, poku / HHD duration, years

MokasHuku Fpynu Bip 0 go 10 Big 11 go 20 Bip, 21 no 30 Pn Pem Pu-m
Indices Groups  Nrnxo/arso = 84* p**  Nrnxo/arso = 75 p**  Nrnxo/arso = 45 p**
Nrax/ars = 9 Nrnx/ars = 4 Nrnx/ars = 1
Nkr/Control = NKr/Control = NKr/Control =
IMX0 /ARSO 127,6 = 25,4 134,7+ 31,0 132,4 + 257 0,121 0,322 0,673
KOO, mn / EDV, mL IMX/ARS 129,1 +414 0,208 129,5 + 24,6 0,615 1351 £52,3 0,863 0,946 0,614 0,573
Kr / Control  136,9 + 31,5 132,2+ 20,9 137,9 £ 37,1 0,340 0,622 0,750
K00, mn/m2 X0 66,0 = 13,4 67,3 + 13,7 64,1 =109 0,551 0,408 0,181
(EDV normalized by X 68,1+ 17,7 0,426 65,1 +£10,8 0,506 66,1 £ 22,6 0,685 0,337 0,696 0,824
BSA, mL/m?) Kr 69,4174 64,6 £ 10,7 68,0 £ 18,0 0,128 0,142 0,649
mxo 474 + 16,9 55,2 £21,6 524+159 0,012 0,106 0,445
KCO, mn / ESV, mL X 49,2 £24.4 0,151 49,6 = 14,2 0,179 55,9 + 23,6 0,603 0,912 0,304 0,204
Kr 54,9 £ 28,6 49,5+ 142 58,7 + 34,3 0,483 0,923 0,487
iKCO, mn/m2 X0 241 +76 271694 25470 0,011 0,321 0,189
(ESV normalized by X 259+109 0,135 25,6 £ 6,5 0,103 27,3 +10,1 0,477 0,671 0,606 0,293
BSA, mL/m?) Kr 28,0 £ 15,8 242 £6,2 28,9 £ 16,2 0,291 0,515 0,785
X0 63,6 £7,1 59,6 =74 60,5+7,0 0,001 0,020 0,498
®B, % / EF, % X 62,6 £ 6,2 0,298 61,9 5,6 0,048 58,6 + 6,1 0,652 0,578 0,020 0,045
Kr 61,5+ 10,3 62,9 £6,3 59,3+ 11,4 0,631 0,285 0,293

[MpuMiTkn. * — B CTOBOLISX HABEAEHO YMCNO BUMIPIOBAHb KOXHOTO MOKa3HWKA; ** — CTATUCTUYHA NOXMOKa PU3HNLL NOKa3HWKIB MiX rpynamu npu AaHoi TpusanocTi X 3

BukopucTaHHsim ANOVA.

Notes. * — in the column there is the number of measurement for every index; ** — the statistical error of intergroup difference under the given HHD duration by ANOVA.

Tpu ocrannix mapametpu, BTC, MMIJILL ta IMM, 0y-
J1 po3paxyHKoBuUMHU Ha ocHoBi K/ P, Tosmmau 3CJIHI i
MIIIII, ToMy 1iTKOM 3aKOHOMipHO, 1110 BOHM TTOBHICTIO
BiIMoBigaau AMHAaMILIi IBOX OCTAHHIX MOKA3HUKIB.

CepenHi BeTMIMHU TTOKA3HUKIB BHYTPIITHBOCEPIIEBOI
reMoAMHaMiKU, sIKi HaBeAeHi B Ta0aulli 4, He BUXOIUIU
3a MexXi HopMaibHuX 3HaueHb B YJIHA (I'TIXO0 i I'TIX) i
oci6 KI, He3aexxHO Bil TPUBAJIOCTI 3aXBOPIOBAHHS Ha
I'X. OpnHak, y KOXHI rpymi OyJM TAIli€EHTH, B SIKUX
KOO, KCO Ta ix iHAeKCcH TTepeBUIITYBaId BEPXHIO MEXY
(puc. 3). BimHocHe 4YuMCIO TALliEHTIB 3i 30iUTbIIEHUM
KOO B KoXHiii rpymni 0yyio MeHIie B mopiBHIHHI i3 KCO
(p <0,05), Toxi K iHAEKCH LIMX MOKA3HUKIB ITPaKTUIHO
He PO3Pi3HSIIUCH.

3oinpmenHs KO i KCO, gk npaBwio, CBiTYUTH TTPO
3HVDKEHHSI TJI00abHOI CKOpouyBabHOI (yHKuil JITII
[4, 8—10], 1m0 3HAXOANTH Bima3epKaJeHHS B 3MCHIIICHHI
®B. Cepen YJIHA @B 6yna 3HmKeHOI0 B 15 maiieHTiB
nigrpynu ['TIX0 (16,3 %) i 5 pexonsanecuentis I'TIX
(9,6 %), a B xouTpoai — B 17 oci6 (16,2 %). 3HMXeHHS
®B mnoeaHyBanocs 3 MiABMILIEHHSIM TUIBKM OJHOIO
KCO, a60 3i cniyibHuM mipsuiieHHsIM KCO i K O. Tak,
y migrpyni I'TTX0 mepimumii BapiaHT KoMOiHaIlil TTO€EN-
HaHH$ BusiBieHo B 8 (8,7 %), a apyruii — B 7 Mali€eHTIiB
(7,6 %). Y nigrpymi I'TIX ue cniBBimHOIIeHHS Oyi0 3

(1) 300

The last three parameters namely RWT, LVM
and LVM/BSA, were calculated based onDD,
BWT and ST, so it is logical that they fully corre-
sponded to the dynamics of the last two indices.

The average values of indices that describe intrac-
ardiac circulation, which are given in Table 4, did not
exceed the normal values in CW (ARSO and ARS)
and in patients of CG, regardless of HHD duration.
However, in each group there were patients who had
EDV, ESV, EDV/BSAand ESV/BSA that exceeded
the upper limit (Fig. 3). The relative number of
patients with elevated EDV in each group was lower
in comparison with ESV (p < 0,05), while these
indices normalized by BSA practically did not differ.

The increased EDV and ESV as a rule indicates a
decreased global LV contractile function [4, 8—10],
which is reflected in the EF reduction. Amongst
CWEF was decreased in 15 patients from ARSO sub-
group (16.3 %) and 5 convalescents from ARS sub-
group (9.6 %), and in 17 patients (16.2 %) from CG.
Reduced EF combined with an increase of only ESV,
or with an increase of both ESV and EDV. Thus, in
the ARSO subgroup, the first type of combination was
found in 8 (8.7 %) and the second one in 7 patients
(7.6 %). In the ARS subgroup, this proportion was
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Ta ix iHgeKcu yepes 30 pokiB nicna aBapii Ha YAEC.

Figure 3. Relative number of CW (ARSO and ARS) and patients of control group with increased values of EDV
and ESV and the same indices normalized by BSA 30 years after the Chornobyl accident.

(5,8%)12 (3,8 %) nauienra,aB KI' — 9 (8,6 %) i 8 (7,6 %)
0ci0 BiAITOBiTHO.

OueBugHo, 1o 3HMXeHHS OB O6inpiIol Miporo
noB's13ade 3 migBuieHHIM KCO, a He K/1O. 3acTtocy-
BaHHSI KOPEISLUiAHOro aHali3y J03BOJUIO BUSIBUTU HE-
raTUBHMI, ajle He Yy BCiX rpynax AOCTOBipHUI, 3B'SI30K
®B 3 nokaznukamu 06'emis JILI, 3a Bunsirkom MKIO
B niarpymi I'TIX, ge KoedilieHT Kopeslii MaB BKpaid
HU3bKIi Ta TIO3UTHUBHI 3Ha4YeHHS (TabI. 5).

3rigHo i3 3araJIbHONMPUAHATUMMU TpafgalisiMu Koedilli-
eHTa KopeJsiwii [ 11], cuna 38'ss3ky @B i3 KCO BBaxamacs
B mmigrpymi I'TIX0 i KI' Bucokoro, a B mmigrpymi I'TIX ce-
pennboio Ta Ha BimmiHy Big MKCO mocToBipHOIO ¥ BCix
rpynax, a He Tinbku g I'TIX0 i KIT JTanuii ¢akr 1e pa3
CBiIUUTBH MPO TE, 110 CUCTOIiYHA AUCHYHKILSI, B pe3yJib-
TaTi 9Koi 3HMKyBaacs ®B, BUKIIMKaHa He CTiUTBLKI IMJTa-
Tauiero kamepu JIII, cKilbK1 HEMMOBHUM BUKMAOM KPOBIi
B aOpTy Yepe3 MOpYILIeHHs HACOCHOI (DYHKIIiT cepLs.

Ta6auusa 5
Kopenauis nokasuuka ®B i3 K0 i KCO Ta ix iHpeKciB.

Table 5

3 (5.8 %) and 2 (3.8 %) patients, and in CG —in 9
(8.6 %) and 8 (7.6 %) persons respectively.

It is obvious that the decrease in EF is more relat-
ed to the increase in ESV, rather than EDV. The use
of correlation analysis allowed to reveal a negative,
but not in all groups reliable correlations of EF with
LV volumes with the exception of EDV/BSA in
ARS subgroup, where the correlation coefficient
had extremely low and positive values (Table 5).

According to the generally accepted gradation of
the correlation coefficient [11], the coupling force of
EF with ESV was considered to be high in ARS0 sub-
group and CG, and the mean in ARS subgroupand
unlike ESV/BSA is significant in all groups, and not
only for ARSO and CG. This fact once again indi-
cates that systolic dysfunction, which resulted in a
decrease in EF is due not so much to the LV dilation
but to the incomplete release of blood into aorta due
to a violation of heart pumping function.

Correlation of EF with EDV and ESV including them normalized by BSAe.

Ipyna / Group KAo / EDV iKQ0 / EDV/BSA KCO / ESV iKCO / ESV/BSA
r p r p r p r p
ITIX0 (ARSO) 0,247 0,018 -0,267 0,010 -0,741 0,000 -0,754 0,000
TIX (ARS) 0,187 0,190 0,049 0,732 -0,608 0,000 0,022 0,877
KT (Control) 0,613 0,000 0,872 0,000 0,895 0,000 0,872 0,000

Mpumitkn. r — koediuieHT kopenauii Mipcoxa.
Notes. r — Pearson correlation.
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VY Bcix nauieHTiB 31 3HUXeHo0 PB BimMmivanucs
KJIiHIYHi 03HaKu JiBouutyHoukoBoi CH. B Toit e yac
miarHo3 CH pi3Hux craniit 6yno BctaHoBieHo 138 oco-
06aM 3i 30epexenoro ®B, BkmOYyawuu 52 3 MmArpynu
I'TIX0 (77,6 %), 28 (84,8 %) 3 minrpymm I'TIX i 58 (77,3 %)
xBopux 3 KI. V Bcix nauientis miarpynu I'TIX i mepe-
BaxxHoro uucina iHmux YJIHA ta ocio KI' OGyna BusiBie-
Ha CH I cranii. B 13 mauienTis (19,4 %) miarpynu I'TIX0
i 8 maienTis (10,6 %) KI' niarnocroBano CH IIA cranii
3a MIPaBOILTYHOYKOBHM TUIIOM.

3rigHo i3 cyyacHUMM ysBIeHHSIMU [4, 12], B OCHOBI
natoreHe3y CH 3i 36epexeHoo @B jexkuth po3BUTOK
JiacToniyHoi aucdyHkuii. s mux XBOpUX XapakTepHa
HasgBHICTb apTepianbHOi rineprensii, LI, oxXupiHHS,
mncdyHKOii HUpok, aHemii [13]. Ocrtanni gBa maTo-
JIOTIYHUX CTaHU He 3yCcTpivyaaucsgd B OOCTEXKEeHUX
nauieHTiB. IIlo crtocyerbcss LI, TO BiH YacTille
3yctpiyaBcs B ocid 3 CH 3i 3HmxeHoi @B y mopiBHAHHI
3 CH 3i 36epexenoi ®B: T'TIX0 — 64,3 % nportu 21,2 %
(p <0,01), I'TIX — 60 % npotu 17,9 % (p > 0,05) i KI' —
41,2 % nipotu 41,2 % (p > 0,05).

OXupiHHS, HABIIaKW, YacTille BUSIBISIOCS Y Malli€H-
tiB 3 CH i 36epexxeHoro @B B nopiBHSIHHI 3 TUMU, B KO-
ro ®B oyna sumxena: I'TIX0 — 86,5 % nporu 71,4 %,
I'TIX — 64,3 % nporu 60 % i KI' — 81 % niportu 76,5 %
(p > 0,05 nna Bcix rpym). Taka kK 3aKOHOMipHICTb OyJia
BusineHa i st I'X: B migrpyni I'TTX0 (96,2 % nipu 30e-
pexeHiii i 92,9 % npu 3Hmxenoi ®B, p > 0,05) i KI'
(84,5 % npotu 82,4 %, p > 0,05). [Minrpyna I'TTX Oyna
BUHATKOM — 82,4 % nipotu 100 % (p < 0,01).

TpuBase mepeBaHTaXXKeHHSI TUCKOM B 3B’3Ky 3 I'X 3
yacoM Npu3BOAUTH 10 po3BuTKy IJII [9, 10]. Anani3
3MiHU CTPYKTYpHW MioKapay Ha mpukiHueBi 30-piyHOro
nepiomy crocTepexXeHHs IMoKa3aB, 110 HOpMaJlbHa T'eo-
metpist JIII a6o #ioro KOHLEHTPUYHE PEMOACIIOBAHHS,
1110 ToJiArae B migBUIlleHHI roka3Huka BTC 6e3 36i1b-
mweHHss UMM, Bugsneno B 28,3 % xsopux I'TIXO0,
29,4 % I'TIX i 25,7 % KI (puc. 4). B 6inbli, HiX 10JIO-
BUHU MAaLi€EHTIB po3BUHYAacd KoHLeHTpuuyHa [JILI 6e3
CYTTEBUX MiX TpyHoBUX BigMiHHOCTe#l. ExclieHTpuyHa
IJIII yacrime 3yctpivanaca B KI, HixX B miarpymnax
I'TIXO0 i I'TIX (p > 0,05). BpaxoByioun AMHaAMiKy 3MiH
CTPYKTYp Miokapna 3a 30-piuHiil TIepioJ crmocTepesKeH-
H$I, LIJIKOM OYEBUIHO, 110 KOHILEHTPUYHE PEMOJIEIIIO-
BaHHA i KoHUeHTpuyHa [JIIII oOymMoBJeHI MOTOBIIEH-
HaM 3CJIIT i MIIIT 3Ha4yHO OiNBIIOI MipOIO, HiX
30inbiueHHsIM K P.

IIpu xonuentpuunoi [JIII HaibGinbIl yacTo crioc-
tepiranucs sBuiia CH gk cepen YJIHA, tak i KI' (puc.
5), B 2—3 pasu yacrille, HixX pu ekcueHTpuuHii TJIIT
(p < 0,001). Ha erari KOHIEHTPUIHOTO PEeMOACTIOBAH-

In all patients with a decreased EF, there were clin-
ical signs of LV HE Meanwhile, the HF of different
stage was diagnosed for 138 persons with preserved
EFE, including 52 in subgroup ARSO (77.6 %), 28
(84.8 %) in ARS subgroup and 58 (77.3 %) patients in
CG. In all patients from ARS subgroup and the majo-
rity of other CW and patients from CG it was revealed
HF of 1% stage. In 13 patients (19.4 %) from ARSO
subgroup and 8 patients (10.6 %) from CG the FH of
2A stage of right-ventricular type was diagnosed.

According to modern concepts [4, 12], the diastolic
dysfunction is the basis for pathogenesis of HF with
preserved EE These patients are characterized by the
presence of arterial hypertension, DM, obesity, kid-
ney dysfunction, and anemia [13]. The last two
pathological conditions did not occur in the exam-
ined patients. In the case of DM, it was more com-
mon in people with HF with reduced EF compared
with HF with preserved EF: ARSO — 64.3 % versus
21.2% (p<0.01), ARS- 60 % versus 17.9 % (p > 0.05)
and CG —41.2 % versus 41.2 % (p > 0.05).

On the contrary, obesity was more common in
patients with HF and preserved EF vs. those who had
reduced EF; ARSO — 86.5 % versus 71.4 %, ARS —
64.3 % versus 60 % and CG — 81 % against 76.5 %
(p > 0.05 for all groups). The same pattern was also
found for HHD: in ARSO subgroup (96.2 % with pre-
served and 92.9 % with reduced EF, p > 0.05) and CG
(84.5 % versus 82.4 %, p > 0,05). The ARS subgroup
was the exception — 82.4% versus 100 % (p < 0.01).

Long-term overload due to HHD over time leads
to the development of LVH [9, 10]. An analysis of
myocardium structure changes at the final 30-year
observation period showed that normal LV geometry
or its concentric remodeling, which consists in
increasing the RWT score without increasing of
LVM/BSA, was revealed in 28.3 % of patients from
ARSO0, 29.4 % of ARS survivors and 25.7 % persons
from CG (Figure 4). In more than half of patients,
concentric LVH has developed without significant
intergroup differences. Eccentric LVH was more
common in CG than in subgroups ARSO and ARS
(p > 0.05). Given the dynamics of changes in myocar-
dial structures over a 30-year observation period, it is
quite obvious that concentric remodeling and con-
centric LVH are due to the thickening of BW and IVS
to a much greater extent than the increase of DD.

At concentric LVH, it was the most frequent
phenomena of HF in both CW and CG (Figure 5),
in 2—3 times more often than at eccentric LVH
(p <0.001). At the stage of LV concentric remod-
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Figure 4. Relative number of CW (ARSO and ARS) and patients of control group with different types of LV

geometry 30 years after the Chornobyl accident.

Ha JIII i mpu HOpManbHil ¥ioro reometpii CH croc-
Tepirajgacsl 3Ha4yHO pijliie.

Hamui pociigkeHHsT BiINOBinaOTh JaHWM iHIIUX aB-
TopiB [14], ski BusiBuiu, mo YJIHA 3 xBopobamu cucrte-
MU KpOBOOOIiry Oyau Ha 7,5 pOKiB MOJIOAIIMM, HiX
MHalie€HTU IpyMi NOPiBHAHHS. BOHU TaKOX y3roIKyIOTh-
cg 3 gaHumu |15, 16], sgkxi mokasyioTb, IO IpU ap-
TepianbHili TiNepTOHii PO3BUBAIOTHCSI CTPYKTYPHO-
(ynxkuionanbHi 3Minu JIT. 1li 3MiHU XapaKTepU3yrOTh-
¢ (opmyBaHHSAM TinepTpodii, aiacToygiyHOI i cuc-
TOJIIYHOI TMCHYHKIII MioKapma 3 HACTYITHUM PO3BUT-

eling and at its normal geometry HF was observed
much less frequently.

Our studies are consistent with those of other
authors [14] who found that CW with circulatory
system diseases was 7.5 years younger than patients
from a group of comparison. They are also consis-
tent with data [15, 16], which show that arterial
hypertension caused structural and functional
changes pf LV. These changes are characterized by
formation of myocardial hypertrophy, diastolic and
systolic dysfunction with the subsequent develop-
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Figure 5. Relative number of CW (ARSO and ARS) and patients of control group with different types of LV

geometry and HF.
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koM CH. ITpu upomy cumntomu CH yacTtinme o6ymMoB-
JIeHi He 3HMXKEHHSIM cucToaiuHoil ¢pyHkuii JIII, a 36i1b-
LIEHHSIM JiacTOJIiYHOI XXOPCTKOCTI MioKapaa.

BUCHOBKU

1. YIIHA Ta oco6u KI' BiporinHo po3pi3HSINUCsS MiX CO-
6o 3a yacoM BuHuMKHeHHd B Hux I'X Tta IXC, gxi
panime po3BuBanucs B YJIHA, Bkioyaroum peKOHBa-
necueHTiB I'TIX.

2. 3MiHM CTPYKTYpPHO-(YHKIIOHAJBHOTO CTaHy MiOKap-
ny JIII B mpolieci TpMBaAJOro CroOCTEPEKEHHST HEe MaJlu
BiporinHux BigMiHHOCTe#t MixX YJIHA Ta HeompoMiHe-
HUMU ocobamu i monsraau B motosuieHHi 3CJII i
MIIIITI, 1o o6ymosmoBano po3sutok I'JIII. B YJIHA ta
oci6 KI' nominyBana koHueHTpuuHa [JI1II.

3. CuctoniuyHa pucdynkuis JII 3i sHmkenusm OB ta
30inbeHHsIM KCO B KJIiHiYHOMY IUIaHiI XapakTepusy-
Bajach JiBouutyHoukoBoo CH.

4. Cepen YJIHA i ocio KI' 3 kniniunnmu o3Hakamu CH
3i 30epexkeHoi @B B OiBIIOCTI MALIIEHTIB CIIOCTEpiraa-
¢Sl KOHLIEHTpUYHa TinepTpodis, sika B 2-3 pa3u NepeBu-
myBaja eKcHeHTpuuHy. OgHakK, Maitke BOIHI€EI IT'SITOI
XBOpuUX Oyyia HopMmaJibHa reometpist JIL abo iioro KoH-
LICHTPUYHE PEMOJICIIOBaHHS.
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ment of HE In this case, symptoms of HF are more
often due not to decrease of LV systolic function,
but an increase ofmyocardial diastolic rigidity.

CONCLUSIONS

1. The CW and non-irradiated persons differed
significantly by the onset of HHD and CHD,
which previously developed in the CW, including
the ARS survivors.

2. Changes in the structural and functional state of
myocardium during long-term follow-up did not have
any probable differences between CW and non-irra-
diated persons and consisted of BW and IVS thicken-
ing, which predetermined the development of LVH.
In CW and CG concentric LVH was dominant.

3. The LV systolic dysfunction with decreased EF
and increased ESV was characterized by clinical
symptoms of left ventricular HE

4. Among CW and persons of CG with clinical
signs of HF with preserved EF, most patients had
concentric hypertrophy, which was 2-3 times high-
er than eccentric. However, almost one fifth of
patients had normal LV geometry or its concentric
remodeling.
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